ABSTRACT: Allozymic variation of 13 gene loci was investigated in 2 samples of Corallium rubrum (L.) collected in the Tyrrhenian Sea (Tuscany, Italy), at the coastal Calafuria cliff (south of Leghorn) and at Elba Island (Tuscan Archipelago) respectively. Among 5 polymorphic loci, Pgm and Pgi showed the highest level of heterozygosity. In the Elba sample all polymorphic loci were in Hardy-Weinberg equilibrium, whereas in the Calafuria sample, Pgm and Pgi were not. Mixing of individuals from genetically different subpopulations (Wahlund effect) may cause this disequilibrium. Nei's indices together with F-statistics show that the samples investigated can be considered as 2 distinct local populations. The results suggest that limited larval dispersal may be more important in promoting C. rubrum population differentiation than differential selection on the migrating larvae.
INTRODUCTION
Coralliurn rubrum (L.) is a gorgonian endemic species of the Mediterranean and contiguous Atlantic coasts, from southern Portugal to the Cabo Verde Islands. This species settles mainly on rocky cliffs and in submarine caves, from about 20 to 200 m in depth, representing a specific facies in the biocenosis of the 'hemidark caves' (Peres & Picard 1964) . It is a dioecious species brooding pelagic larvae (planulae). Commercial exploitation, over thousands of years, of this longliving but slow-growing gorgonian, mainly for use in jewellery, has resulted in severe depletion of its Mediterranean beds.
Because of its over-harvesting, Coralliurn rubrurn has attracted more attention in recent years from a number of researchers (FAO 1984 (FAO , 1989a . Their studies have concerned some biological and ecological aspects of coral life as well as population dynamics.
Corallium rubrum larval dispersal capability is not yet known, although Vighi (1972) and Weinberg (1979) made a rough evaluation of planulae survival and swimming ability under laboratory conditions. Estimation of larval dispersal capability by in situ observations or by traclung, common techniques for reef corals (Willis & Oliver 1990), are not easy to apply on a species lacking massive spawning like red coral. In such cases biochemical genetics represents a useful approach to study species dispersal capability (Ward 1989) . In addition, population genetic studies provide useful information on population structure of commercially significant species, which, together with data on population structure and dynamics (Abbiati et al. 1991 (Abbiati et al. , 1992a , might be relevant for their commercial exploitation.
In this research, electrophoretic techniques have been applied to Corallium rubrum in order to characterize its population genetic structure.
MATERIALS AND METHODS
Corallium rubrurn samples were collected by SCUBA diving at 2 sites along the Tuscan coast (Italy), respectively Calafuria (south of Leghorn, 43'30' N, 10°20' E) and Elba (Tuscan Archipelago, 42'44' N. 10" 17' E), (Fig. 1) . The distance between the 2 investigated sites is about 80 km. At Calafuria, C. rubrum is Mar. Ecol. Prog. Ser. 95: 245-250, 1993 distributed along a 10 km cliff, which extends about 200 m off the coast, from 25 to 4 5 m in depth. This cliff is characterized by small caves, where coral colonies are thickly settled on the vaults. Colonies for electrophoretic analysis were collected from adjacent caves on 23 October and 6 November 1990 and 21 January 1991. At Elba, a small, dense coral settlement was located on a rocky wall, which extends for no more than 200 m, at a depth of 40 to 50 m. Colonies were collected on 27 February and 20 March 1991.
Samples were kept alive for ca 10 d in aerated darkened aquaria provided with circulating filtered seawater at 17 "C. Each coral colony was considered as an individual, because of its origin from a single planula larva (Vighi 1972) . Colony size ranged between 2 and 5 cm in length. The polyps and a few coenosarcs were gently removed from the calcareous skeleton with tweezers. This material was then homogenised with Potter pestles in Eppendorf tubes containing 75 p1 of extracting buffer (0.2 M Tris buffer. 1 mM Na4-EDTA and 25 mM 2-mercaptoethanol, pH 7.0), enough to obtain at least 50 yl of supernatant. The homogenate was centrifuged for 10 rnin at 4000 X g and the supernatant used for electrophoresis.
Electrophoretic separation on cellulose acetate was done for 12 enzymes (Table l ) corresponding to 13 loci. Four buffer systems were used, referred to in Table 1 as:
A: Tris-EDTA-maleate pH 7.8 (Schneppenheim & MacDonald 1984); B: Tris-EDTA-maleate pH 7.4 (Grunbaum 1981); C: Tris-citrate pH 7.2 (Grunbaum 1981) ; D: Tris-phosphate pH 7.8 (Grunbaum 1981) . Calafuria cliff south of Leghorn; and Elba Island index of compound population) was tested according to Brown (1970) . To test the significance of FsT-values (standardized variance in allele frequencies among subpopulations), contingency chi-square values were calculated using the method of Workman & Niswander (1970). To apply F-statistics, the 2 coral samples were Because of the small quantity of organic matter considered as subpopulations of a hypothetical comavailable per colony, increased concentrations of pound population resulting from the sum of all the the enzyme staining mixtures were used (Harris & individuals of the 2 samples. Hopkinson 1976 , Grunbaum 1981 .
The auelic and genotypic frequencies ing patterns. Statistical analysis of the electrophoretic data was done using the computer program BIOSYS-1 (Swofford & Selander 1981) . For each population, genetic variability was expressed in terms of polymorphism (0.99 and 0.95 criteria) and mean heterozygosity per locus. The level of genetic differentiation among populations was analysed by Nei's identity (I) and distance (D) indices (Nei 1987) and by F-statistics (Wright 1965 , Nei 1987 . Significance of Frs (fixation index of subpopulations) was tested according to Li (1955) (Fig. 2 ) . Neither locus was in Hardy-Weinberg equilibrium in the Calafuria sample due to heterozygote deficiency ( Table 3 ) . In the Elba sample only Ald was not in Hardy-Weinberg equilibrium (Table 3 ). Considering the low polymorphism values of this locus, however, this fact may be explained by the presence of 2 individuals with rare homozygous phenotypes (102-102). The weighted averages of the F,, over the 2 samples revealed their overall conformity to Hardy-Weinberg expectations (Table 4) . On the contrary, significant FIT values (Table 4) show deviation from the random mating conditions of the compound population. Pgi and Pgm showed highest values of FIT. In Pgm this is due to the higher frequency of allele 100 in the Calafuria sample and of allele 98 in the Elba one, while for Pgm we observed slight differences between the samples in the frequencies of the 3 alleles. FIT and FST show that the variation at Pgi and Pgm is such that the compound population deviates significantly from Hardy-Weinberg equilibrium, and that the differentiation of these loci is to a significant extent caused by variation among the samples (27 and 2 % for Pgi and Pgm respectively), still leaving substantial variation allocated within the samples (73 and 98 % for Pgi and Pgm respectively).
The genetic differences between the 2 investigated samples of Corallium rubrum are summarised by the FST mean value (Table 4 ) and by Nei's (1987) genetic identity and distance indices (I = 0.978, D = 0.022). 
DISCUSSION
The above results indicate that Calafuria and Elba red coral populations are genetically heterogeneous and provide evidence of some breeding isolation and population substructuring in the Tyrrhenian sea.
The mean FST value found for Calafuria and Elba red coral populations is clearly higher than those reported in populations of marine invertebrates with planktonic larvae (Johnson & Black 1984 , Hunt & Ayre 1989 , Watts et al. 1990 ) and agrees with those reported by Stoddart (1984a) for the brooding reef coral Pocillopora damicornis, even though the 2 sites investigated cover only a small area in relation to the broad geographic distribution of red coral in the Mediterranean (Marchetti 1965) .
In sessile marine organisms with planktonic larvae, restricted gene flow may be due to limited larval dispersal capability or to a reduced fitness of the migrating larvae (Hedgecock 1986) . Population genetic studies help us to estimate the relative importance of these 2 events (Johnson & Black 1984 , Stoddart 1984a , Ward 1989 ). These studies show that, even in some species with long-living pelagic larvae, genetic heterogeneity among adult groups is more probably due to the genetic history of the recruits rather than to postrecruitment selection (Watts et al. 1990 ). There is evidence that larvae of reef coral brooding species, even if able to survive long periods in the plankton, generally settle within a relatively short distance from the parent colony (Babcock 1988) .
Little research has been carried out to characterize red coral larval survival and dispersal capability. Most alcyonarian larvae are lecithotrophic, passive swimmers, remain close to the bottom during their larval life and generally settle within a few days to a week (Thorson 1946) . Red coral is a brooding species releasing planulae that, under laboratory conditions, survive 4 to 12 d (Vighi 1972 , Weinberg 1979 , Grillo & Chessa 1992 . Further research on red coral reproductive biology is needed to reveal effective larval dispersal capability, nevertheless these data suggest that a reduced larval dispersal may promote population differentiation.
If the level of analysis is shifted to the single population in Calafuria, Pgm and Pgi loci show the highest level of heterozygosity and significant deviations from Hardy-Weinberg expectations. Available data on red coral biology and ecology are not adequate to explain the heterozygous deficit observed in the Calafuria population. Such a phenomenon frequently occurs in marine invertebrates (Johnson & Black 1984 , Stoddart 1984b , Hunt & Ayre 1989 , Watts et al. 1990 ) and is commonly explained by the Wahlund effect: mixing of individuals from genetically different units (Wahlund 1928 , Nei 1987 . The occurrence of the Wahlund effect in the Calafuria population is suggested by the peculiarity of this site, where colonies of a large red coral population are mainly settled on the vaults of small isolated caves. Non-conformity to Hardy-Weinberg expectations may be due to a reduced gene flow among different caves. The occurrence of the Wahlund effect in this red coral population is also suggested by Weinberg's (1979) observations on red coral planulae behaviour. Weinberg showed, in fact, that planulae are indifferent to light and negatively geotactic. This implies that planulae, released by cave-dwelling colonies, may be trapped at the ceiling of the cave till settlement (Weinberg 1979) . Nevertheless, the degree of differentiation between Calafuria and Elba populations shows that some dispersion occurs, in spite of the geonegative behaviour of planulae tending to keep different units apart. Present data do not allow us to quantify the heterozygosity deficit due to the Wahlund effect. For this we need a specific analysis of a significant number of colonies, collected in different caves, located along a linear transect.
These data suggest that larval dispersal by CoralLiurn rubrurn does not ensure sufficient gene flow to preserve the genetic homogeneity of the species. Reduced genetic exchange could result in species genetic structuring in the Mediterranean. The presence of discrete distinct populations of C. rubrurn does not support the proposal of a rotating harvesting for the management of Mediterranean red coral resources (FAO 1989b) . In a rotating harvesting regime, stock areas designated for inclusion in the scheme are opened in sequence on a defined temporal basis. Intensive harvesting in one geographical area comprising several different coral populations could lead to the local extinction of one or more of them. One approach to fostering conservation of the species would involve independent harvesting strategies, based on local population peculiarities, designed to preserve the genetic units of the species. In order to reveal the effective population structuring of this species, it would be of great interest to investigate red coral populations from other areas of the Mediterranean.
